Tropolone (1, Chart 1), a compound with aromatic seven membered ring in the molecule was firstly presented by Dewar in the year 1945. 1) After several years, the chemical structure of 1 was confirmed by the synthesis of four groups of worker [2] [3] [4] [5] and it was also found to be the metabolites of Pseudomonas sp.
Hinokitiol (2, Chart 1), the main constituent of Thujopsis dolabrata SIEB. et ZUCC. hondai MAKINO 11) has been used as a comparative agent, because it has the skeleton in common with 1. It has been found that 2 showed the following six kinds of biological activities; antimicrobial activity, 12, 13) cytotoxic effects on various human and murine tumor cell lines, [14] [15] [16] phytogrowth-inhibitory activity, 17) insecticidal effect, 18, 19) metalloprotease inhibitions, 13) and antifungal activity on wood rotting fungi. 19, 20) With regard to the biological activity of 1 and its derivatives, there are papers about the antitumor activities, 21) phytogrowth-inhibitory activity, 17) and its preventation of the spread of termites on logs. 22) However, no work has been done on such broad spectrum of biological activity of 1 in comparison with 2.
Therefore, in this work, to expand the range of biological activity of 1, the inhibitory activity of this compound on metalloproteases such as carboxypeptidase A, collagenase and thermolysin and its insecticidal activity on Tyrophagus putrescentiae, Dermatophagoides farinae and Coptotermes formosanus was investigated. The antifungal activity of 1 on plant-pathogenic fungi was also examined.
MATERIALS AND METHODS

Chemicals
Compound 2 was isolated from acid oil obtained by distillation of the wood of T. dolabrata SIEB. et ZUCC. var hondai MAKINO, according to the method of Nozoe 23) Compound 1 was also obtained from Wako Pure Chemical Industries, Ltd., Osaka, Japan. Both compounds were used for the various biological tests. Metalloproteases such as carboxypeptidase A, collagenase and thermolysin were purchased from Sigma Chemical Co. (U.S.A.). 1,10-Phenanthroline (a positive control for inhibition of metalloprotease) was purchased from Nacalai Tesque, Inc. (Kyoto, Japan). N,N-Diethyl-m-toluamide (DEET, a positive control for insecticidal activity test on Tyrophagus putrescentiae and Dermatophagoides farinae) was obtained from Yoshitomi Pharmaceutical Industries, Ltd., Osaka, Japan. Chloropyrifos (a positive control for insecticidal activity test on Coptotermes formosanus) was purchased from Hoechst Schering Agro Evo, Japan, Ltd., Osaka, Japan.
Microorganisms Plant-pathogenic fungi used for the antifungal activity test were as follows: Pythium aphanidermatum IFO-32440, Thanatephorus cucumeris IFO-30445, Fusarium solani IFO-9955, Botryotinia fuckeliana IFO-30915, Phomopsis obscurans MAFF-744018, Colletotrichum orbiculare MAFF-306518 and Colletotrichum lagenarium.
Insects Insects used for the insecticidal activity test were as follows: Tyrophagus putrescentiae, Dermatophagoides farinae and Coptotermes formosanus. T. putrescentiae and D. farinae were purchased from Japan Environmental sanita-tion Center. C. formosanus was collected at Wakayama-shi Wakayama-ken, Japan.
Methods The antifungal activity test of 1 and 2 on plantpathogenic fungi was investigated by the agar dilution method 1) incubation temperature: 24°C, 2) incubation time: 15 d, 3) medium: potato dextrose agar (pH 6.0). The insecticidal activity test of both compounds on T. putrescentiae and D. farinae was examined according to the clip method. 24) In brief, a test solution was prepared by dissolving 1 and 2 in acetone. One milliliter of the solution was dripped onto 9 cm diameter filter papers (Toyo Roshi No. 54), then dried in air for 1 h. The filter papers onto which fifty mites (T. putrescetiae) were released, were folded up into two and were closed with clips on three sides. The treated filter papers were placed in an acryl box (29ϫ59ϫ36 cm) into which humidity was regulated with saturated solution of potassium chloride (humidity: 85% RH) for 24 h. Subsequently, the filter papers were opened by removing of clips and then, number of test mites and deaths on opened filter papers were investigated under stereoscopic microscope. Insect mortality was counted 24 h after treatment. The insecticidal activity test on C. formosanus was invesigated according to the following method. 19) A test solution was prepared by dissolving 1 and 2 in acetone. One milliliter of the solution was dripped onto 9 cm diameter filter papers, then dried in air. The filter papers were then laid in 9 cm petri dishes. A glass ring with a diameter of 7 cm was put on the papers into which C. formosanus were released. To prevent drying, cotton was dipped in water and stuck on the lid of the petri dish into which the insects were released. Mortality was counted 24 h and 48 h after treatment. Inhibition testing of metalloproteases such as carboxypeptidase A, collagenase and thermolysin was performed accoding to the method reported previously. [25] [26] [27] 
RESULTS AND DISCUSSION
The Insecticidal Activity of Tropolone (1) The insecticidal activity of 1 on T. putrescentiae and D. farinae was examined using clip method 24) and compared with that of 2. The results are summarized in Table 1 . On filter paper, 1 showed strong insecticidal activity on both insects. In particular, the insecticidal activity of 1 was strong, its mortality being 95.7% at 0. farinae. This activity of 1 was much higher than that of 2. In this respect, strong insecticidal activity of 1 on both insects is of considerable interest. The insecticidal activities of both compounds were higher than those of N,N-diethyl-m-toluamide (DEET, LC 50 value in D. farinae: 0.79 g/m 2 and 1.46 g/m 2 in T. putrescentiae). Although the insecticidal activity of 2 on T. putrescentiae has already been found by the authors, 19) the insecticidal activity of 1 on D. farinae is examined for the first time in this work. This activity of 1 on both insects is also reported for the first time in this paper. The insecticidal activity of 2 on T. putrescentiae in this work is almost equal to that (LC 50 : 0.25 g/m 2 ) of this compound in the previous work (LC 50 : 0.24 g/m 2 ).
19)
The insecticidal effect of 1 on C. formosanus was investigated according to the usual method and compared with that of 2. 19) As shown in Table 2 , 1 showed strong insecticidal activity against C. formosanus even at low concentration of 0.020 g/m 2 , although this activity was much lower than that of commercial chloropyrifos (LC 50 : 0.00016 g/m 2 ). The insecticidal effect of 1 (LC 50 : 0.04 g/m 2 ) was slightly higher than that of 2 and its mortalities at 0.02 g/m 2 were 37.5% and 57.9% at 24 h and 48 h, respectively. The insecticidal effect of 2 in this work (LC 50 : 0.08 g/m 2 ) was almost equal to that in the previous work (LC 50 : 0.07 g/m 2 ). 19) In addition to 1, 2, 19) b-dolabrin 19) and g-thujaplicin 19) were previously reported to show insecticidal activity against these three kinds of insects. The findings indicate that insectcidal effect might to be intrinsic to compounds with tropolone skeleton in the molecule. Further studies on the insecticidal activty of a- thujaplicin and 4-acetyltropolone are in progress.
The Inhibitory Activity of Tropolone (1) on Metalloproteases The inhibitory activity of 1 on carboxypeptidase A was examined according to the method of Petra 25) and compared with that of 2.
13) The results are summarized in Table 3 . Compound 1 showed strong inhibitory activity toward this enzyme, its 50% inhibitory concentration (IC 50 ) value being 2.73ϫ10 Ϫ6 M. Its activity was higher than that of 1,10-phenanthroline, used as a positive control. This inhibitory activity was as high as that of 2 (IC 50 : 2.76ϫ10
The inhibitory activity of 2 in the present work was as high as that of this compound in the previous paper (LC 50 : 2.76ϫ10 Ϫ6 M). 13) On the other hand, tropolone-acetate (1-acetate) did not show any inhibitory activity toward this enzyme (data not shown).
The inhibitory activity of 1 on collagenase was investigated according to the method of Mandl et al. 26) As shown in Table 3 , 1 exhibited potent inhibitory activity toward this enzyme and its IC 50 value was 4.68ϫ10 Ϫ5 M. Its inhibitory activity was higher than that of 1,10-phenanthroline, used as a positive control. Unlike carboxypeptidase A inhibition, the inhibitory activity of 1 on collagenase was lower than that of 2 (IC 50 : 2.40ϫ10 Ϫ5 M). The inhibitory activity of 2 on this enzyme was as high as that of this compound in the previous paper (IC 50 : 2.40ϫ10 Ϫ5 M). 14) On the other hand, 1-acetate did not show any inhibitory activity toward this enzyme (data not shown).
The inhibitory activity of 1 on thermolysin was examined according to the method of Komiyama et al. 27) The results are summarized in Table 3 . Rather strong inhibitory activity of 1 on this enzyme was found with IC 50 value of 7.11ϫ10 Ϫ5 M, although the inhibitory activity of 1 on this enzyme was slightly lower than that of 2 (IC 50 : 6.10ϫ10
The inhibitory activity of 1 was higher than that of 1,10-phenanthroline, used as a positive control. This activity of 2 in this work was almost equal to that of this compound in the previous paper (IC 50 : 6.15ϫ10 Ϫ5 M). 13) On the other hand, 1-acetate did not show any inhibitory activity toward this enzyme (data not shown). As mentioned above, 1 showed the strong inhibitory activity toward all of metalloproteases examined, suggesting that this activity seem to be common biological activities of the compounds with tropolone skeleton in the molecule.
The metalloprotease such as carboxypeptidase A, collagenase and thermolysin have already been reported to be found in the mast cells, 28) rheumatoid arthritis 29) and corneal ulcers 28) during the inflammatory phase. In this respect, strong metalloprotease inhibition of 1 and 2 is of considerable interest. The strong inhibitory activity of 1 and 2 on these metalloproteases might explain our observation 13) that strong suppression of mice lymphocyte proliferation response to concanavalin A was confirmed with both compounds at a low concentration (0.32 mg/ml). As a preliminary step to develop antiinflammatory agents, basic studies are necessary on medical effect of tropolone on the inflammation in the skin of experimental animals, because 2 was used as cosmetics shampoo and hair tonics. 30) A lack of inhibition by 1-acetate on metalloproteases suggest that at least part of the mechanism of their metalloproteases inhibition is considered to be due to metalchelation between the carbonyl group at C-1 and the hydroxyl at C-2 in their tropolone skeletons in the molecule. In addition to 1, 2, 13) g-thujaplicin 13) and 4-acetyltropolone 31) have previously been found to show inhibitory activity on such metalloproteases. In contrast, b-dolabrin 13) did not show inhibitory activity toward thermolysin and a-thujaplicin 32) have no inhibitory activity against thermolysin and collagenase. From these results, it is premature to conclude that metalloprotease inhibitions were found with all compounds containing tropolone skeleton in the molecule.
Antifungal Activity of Tropolone (1) on Plant-Pathogenic Fungi The antifungal activity of 1 on plant-pathogenic fungi was investigated by the agar dilution method and compared with that of 2. The results are summarized in Table  4 . Compound 1 showed clear antifungal activity on seven strains of fungi tested and their minimum inhibitory concentrations (MICs) on these fungi were in the range of 6.0-50.0 mg/ml. In particular, the antifungal activity of 1 on Pythium aphanidermatum IFO-32440 was strong, its MIC being 6.0 mg/ml. As shown in Table 4 , the antifungal activity of 1 was almost equal to that of 2, suggesting that the existence of isopropyl group seems to be unrelated to this activity of 2. Therefore, to clarify the need of existence of isopropyl group, further studies on antifungal activity of various hinokitiol-related compounds is needed. We reported that 2 showed antifungal activity on pathogenic fungi 13) and woodrotting fungi 19) and its MICs on these fungi were almost equal to those of the present paper. It has also been found in two patents that 2 had strong antifungal activity against Helicobasidum mompa 33) and Rosellinia necatrix. 34) The facts suggests that antifungal activity on plant-pathogenic fungi seem to be common biological activity of compounds with 1 skeleton in the molecule. However, no study has been done on the antifungal activity of other hinokitiol-related compounds except for 2 and 1 against plant-pathogenic fungi. The antifungal activity of derivatives of 1 and many hinokitiol-related compounds should be investigated. In this work, the biological activities of 1 was found to be almost equal to those of 2. In addition, the acute toxicity [50% lethal dose (LD 50 value): 212 mg/kg] of 1 35) was also found to be slightly lower than that of 2 (LD 50 : 191 mg/kg). 16) In this respect, the biological activity of 1 is noteworthy. Considering that 2 has widely been used as a preventative, 36) shampoo, cosmetics and a hair tonic 30) etc., further basic studies on the biological application of 1 will also be required.
